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A human cD NA library was constructed utilizing RNA iso-
lated from cultured skin fibroblasts. Recombinant clones 
containin g elastin sequences were identified by plaque hy-
bridizations with previously characterized human placental 
elastin cDNAs. Seven positive recombinant clones with in-
serts of - 3.2- 2.2 kb were isolated. Characterization of the 
clones by restriction endonucl ease analysis and dot-blot hy-
bridizations with exon-specinc synth etic oligonucleotides 
demonstrated considerable variability in the primary nucleo-
tide sequence. Dideoxy nucl eotide sequencing confirmed 
this finding. The variability is most likely a result of altern a-
Several lines of evidence suggest that elastic fibers prov ide resilience and e las ticity to tissues, including human skin. These elasti c fibers are composed of two bioch emicall y distinct com ponents. The principal component is elastin, a well -characterized connective tissue protein that is re-
spo nsible for elastic properties. Surrounding the el as tin core is the 
microfibrillar component, which probably consists of several g lyco-
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tive splicin g of exons from the primary elastin transcripts . 
The two largest clones contained - 1 kb of 3' untrans lated 
sequence and - 2.2 kb of transl ated sequence encoding 730 
amino acids. Six amino acids, encoded by exon 12A, have not 
been previously noted in human elastin cDNAs. In addition, 
these human skin fibroblast clones contained a 49 bp 5' un-
translated sequence. These results demonstrate that there is 
considerable variability in the processed nucleotide sequence 
of the elas tin mRNAs. These transcripts may code for iso-
forms of tropoelastin with different biologic properties. ] 
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proteins, thus far poorly characterized. (For reviews on elastic fibers, 
see Refs 1-5). 
The biosynthetic precursor of human elastin , known as tropo-
e las tin , has bee n sized at - 70 kd and contains - 750 amino acids. 
The primary amin o acid sequence of tropoel astin is encoded by a 
3.5 kb mRNA and co nsists of alternating hydrophobic domains 
(ri ch in pro line, g lycine, and valine) and putative crosslink regions 
(enri ched in alanine and lysine [6 - 1 0]. The newly sy nthesized 
human tropoelastin contains an amino-terminal signal sequence of 
26 amino acids and a highly basic carboxy- te rminus that contains 
two cyste inyl residues [6,8J. 
Several different cell types, including human ski n fibroblasts, 
h ave been show n to express the elasti n gene in culture [9 - 12]. It has 
bee n suggested th at altered regulation of elas tin gene expression or 
aberrations in the primary structure of elastin may be th e underlying 
m olecular defect in some cutaneous diseases affecting the el as tic 
fib ers [1 - 5]. Thus, the avail abi lity of full-length human skin fi-
brobl as t elastin cDNAs would be a useful tool to study el astin pa-
tho logy encompassin g at the mo lecu lar level. 
In th e present study, w e have constructed a hum an skin fibrobl as t 
cD NA library and screened it for e lastin cDNAs. W e have been 
successful in iso latin g severa l cDNAs, which unequivocall y corre-
spond to human elastin sequences. Two of th e cDNAs are - 3.2 kb 
in size, and contain the co mplete coding region of elastin mRNA, 
toge th er with 5' and 3' untranslated sequences. C haracteriza tion of 
th ese and five other human sk in fibroblast el astin cDNAs revealed 
considerable variability in th e primary nucl eotide sequence re-
sultin g from alternative spli cing of th e primary elastin transcript. 
These findin gs may have significa nt implications in e lastic fiber pa-
thology. 
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MATERIALS AND METHODS 
Construction and Screening of a Human Skin Fibroblast 
cDNA Library Total RNA was isolated from cultured human 
skin fibroblasts (JIMM-69; established from a full-term fetus) using 
guanidinium isothiocyanate extraction followed by CsCI density 
gradient centrifugation [13]' and used for synthesis of the cDNA 
library [14]. The purified RNA was primed with oligo-dT, and first 
strand synthesis was catalyzed by cloned Maloney murine leukemia 
virus reverse transcriptase (BRL). The resultant RNA/DNA hybrid 
was subjected to RNase H digestion followed by second strand 
synthesis catalyzed by DNA polymerase I [15]. The cDNAs were 
blunt-ended, using T4 polymerase, and ligated into the phage vec-
tor ,1,ZAP (Strata gene, San Diego, CA) using EcoRI linkers. The 
cDNAs were packaged using GIGA Pack Extract (Stratagene). The 
bacteriophage library was plated using an E. coli strain XL-I-Blue 
(Stratagene). The cDNA library had - 2 X 107 independent clones. 
Initial screening of approximately 106 independent clones of the 
unamplified cDNA library was carried out in duplicate with two 
separate probes: a) cHE2, a 2.5 kb human placental elastin cDNA 
containing - 1.5 kb of translated sequence (7); and b) a 5', - 400 bp 
subclone of cHE2 isolated by EcoRI-BamHI double restriction en-
donuclease digestion. These probes were radiolabeled by nick trans-
lation [16] with a(32P]dCTP and used to screen the library by plaque 
hybridization. The hybridization and washing conditions for the 
library screening were the same as described previously [7]. 
Clones positive to both the 2.5 kb cDNA and its 5' subclone, 
were subjected to plaque purification, and the isolated recombinants 
were digested with EcoRI endonuclease. Electrophoresis on 1% 
agarose gel, with comparison to standard DNA markers (New En-
gland Bio Labs, Beverly, MA), was used to estimate the size of the 
inserts. 
Characterization of Elastin cDNAs The newly isolated 
cDNAs were characterized by restriction endonuclease digestions, 
followed by separation of the DNA fragments on agarose gel elec-
trophoresis. The appropriate DNA fragments were cloned into the 
phage vector M13 (mp18 and mp19; Boehringer Mannheim, India-
napolis, IN), and nucleotide sequencing was performed using the 
dideoxy chain termination method [17]. Sequencing primers in-
cluded the universal M13 17-mer primer, as well as appropriate 
oligonucleotides synthesized for extension of the sequencing. 
Hybridizations with Exon Specific Probes Oligonucleotide 
sequences specific for individual exons were selected by computer-
assisted analysis of the human elastin gene structure [6,18] . The 
exon-specific oligonucleotides were synthesized using a modifica-
tion of the phosphite method of Matteucci and Caruthers [19] em-
ploying a MilliGen (Bedford, MA) programmable synthesizer. The 
synthetic oligonucleotides were purified by reverse phase high-
pressure liquid chromatography (Varian 5000). 
Exon-specific sy nthetic oligonucleotides were radioactively la-
beled at the 5'-end, with y[32P]dATP, by a phosphate exchange 
reaction catalyzed by T4 polynucleotide kinase. For elucidation of 
the presence or absence of a specific exon sequence within the der-
mal fibroblast clones, - 100 ng of the insert cDNA was denatured, 
dotted onto nitrocellulose filters, and hybridized with 10 ng of the 
radiolabeled exon-specific oligonucleotide probe. Filter prehybridi-
zation was performed in a solution consisting of 0.9 M NaCl, 
90 mM sodium citrate (PH 7.0), 0.5% sodium dodecylsulfate, 100 
,ug/ml denatured salmon sperm DNA, 0.1 % polyvinyl pyrrolidine, 
0.1 % bovine serum albumin, and 0.1 % Ficoll, at 42°C for 2 h. The 
hybridization, following addition of the labeled synthetic oligonu-
cleotide probe, was carried out for 16 h in the same solution. The 
filters were washed at a final stringency of 0.15 M NaCI , 15 mM 
sodium citrate, at 55 ° C for 60 min. 
The specificity of hybridization with exon-specific oligonu-
cleotides was confirmed by Northern transfer analysis, of 
poly,{A)+RNA isolated from cultured human skin fibroblasts by 
oligo-dT cellulose chromatography [6] . In dot-blot hybridizations 
with an exon I-specific oligonucleotide, negative controls were 
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provided by an elastin genomic DNA fragment (HEL3) lacking 
sequences corresponding to exon 1 [6] . Otherwise, positive and 
negative controls were provided by cDNAs, which have been 
shown previously to contain or lack the exon sequences to be tested 
[7] . 
RESULTS 
A human skin fibroblast cDNA library was constructed and 
screened for elastin cDNAs using human placental elastin cDNA 
probes previously isolated and characterized [7]. Using both a 2.5-
kb cDNA (cHE2) and its 5'-subclone, seven independent clones, 
positive to both probes, were isolated and characterized. Following 
plaque purification, EcoRI endonuclease digestion was used to re-
lease the insert from the cloning vector. Estimates of the insert size 
revealed that the two largest clones (cHDEl and cHDE2) were 
- 3.2 kb. One clone, cHDE3, was slightly shorter, - 3.1 kb in size, 
while the remaining 4 clones varied between 2.2 and 2.8 kb in size. 
The newly isolated cDNAs were characterized by Northern 
transfer analysis, restriction endonuclease digestions, dot-blot hy-
1 2 3 
Figure 1. Northern transfer analysis of RNA isolated from cultured human 
skin fibroblasts. The picture depicts autoradiograms of radioactively labeled 
elastin cDNA - mRNA hybrids. Each lane contains l,ug of poly (A)+RNA 
which has been electrophoresed on a 1 % denaturing agarose gel and trans-
ferred to nitrocellulose filters. Filters were hybridized with a combination of 
a proal (I) collagen cDNA (Hf677) and the elastiJ) cDNA clone cHDEl 
(Ialle 1); and synthetic oligonucleotides specific for exons 1 and 4A, respec-
tively (Iall cs 2 alld 3). The 5.8 and 4.8-kb bands correspond to the established 
[35) sizes of the polymorphic proal (I) collagen transcripts. The bands in the 
3.5-kb region correlate with the known size of the full-length elastin 
mRNA. 
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bridizations with exon-specific synthetic o ligonucleotides , and di-
deoxy nucleotide seq uencing. 
When North ern blots of total RNA or poly{A)+RNA isolated 
from hu man sk in fib roblas ts were hybridized to 32P-Iabeled dermal 
fibroblast cDNAs, under conditions previously described [7 ,9, 10], 
mRNA tra nscripts in the ra nge of3.5 kb were revea led (Fig l A ). As 
noted by us [6,7,10J and others [11,12]' the band in th e 3.5-kb 
region was re latively broad, suggesting microheterogeneity. As dis-
cussed below, we suggest th at this variabili ty is a refl ection of alter-
native splicing and leads to synthes is of a population of mRNAs 
with slightl y va riable sizes . 
T he new ly iso lated cON As were characterized by restriction en-
don uclease di gestions (Figs 2 and 3). As indicated previously [6,7J , 
human elastin cD N As contain a single restriction enzyme site for 
Bam HI and HindU! endonucl eases, respectively. Examination of 
the seven human skin fi broblas t elas tin cDNAs by double di gestion 
w ith th ese enzymes indica ted that the resulting BamHI-HindIII 
frag ments varied in size (Fig 3A). T he difference between the small -
est and largest subfragment was approximately 100 nucl eotides. 
Smaller D NA frag ments were obtained by PstI res triction endonu-
clease digestio n (Figs 2 and 3B) , w hich allowed more detailed de-
lineation of th e exact regions of variability. When th e clones 
cH OE4 through 7 (Fig 3B, lanes C- F) were digested w ith PstI 
endon uclease, an - 200 bp PstI-PstI res triction fragment, contain-
ing sequ ences correspo nding to exons 11 , 12, and 13, was observed. 
PstI endonuclease digesti on of clone cHDE1 (Fig 3B, lane A) re-
sulted in a slightl y larger fragment, w hi ch was found by nucl eotide 
sequencing to contain an additional 18 bp sequ ence 5' of exon 12; 
we have designated this fragment as exon 12A. An identical se-
quence was present in cH DE2 (not shown) . The exon 12A sequence 
has not been previously de tected in human elastin cONAs [6,7] . 
T he clone cH DE3 (Fig 3B, lane B) did not contain a res triction 
frag ment in the 200 bp region of th e agarose gel. Furth er character-
izati on of this clone revealed the abse nce of exon 13, w hich con-
tained one of the PstJ sites necessary fo r generation of th e - 200 bp 
restriction fragment (Fig 2). T he resultant res triction f ragment, as 
ind icated in Fig 3B, was approximately 600 bp and contained se-
quences corresponding to exollS 11 , 12, 15, 16, 17, and 18. As 
indicated elsewhere [6,7J, the variab ility in cDNA frag ment size 
resu lted from alternative spli cing. This phenomenon resul ts in dif-
ferential removal of specific exo ns or portions of exom fro m some 
of the primary transcripts. 
To identify the specific sequences that were subject to alternative 
sp licing, sy nth etic o li gonucl eotide p robes specific fo r six different 
exons, 1, 4A, 4, l OA, 13, and 14, were used in dot-blot hybridiza-
tions to detect the presence or absence of the correspondin g exon 
seq uences in each of th e seven cloned cDN As (Fig 4) l6]. Except fo r 
exon 1, considerable variabil ity in the presence of th ese exons has 
been previously noted [6,7]. T he results indicated that sequences 
correspo nding to exon 1 were always present, w hil e va riabili ty in 
exons 4A and 13 (Fig 4) and exon 4 (not shown) was noted. N orth-
ern tra nsfer analyses confi rmed that these probes specificall y hy-
bridized to elastin mRN A transcripts (Fig 1B) , and nucleotide se-
quencing confirmed their hybridization specificity. Exo ns lOA and 
14, observed in elastin genomic sequences were not detected in any 
of the seven cDNAs (Figs 2, 4, and Table I) . Furthermore, N orthern 
transfer analysis of RNA isolated from human skin fibrobl asts with 
o ligonu cleotides specific fo r exons l OA and 14 fail ed to yield a 
detectable signal, even after extended autoradiography of the 
N orthern fi lters (no t shown). T hese observa tions suggest that exollS 
lOA and 14 of the elastin ge ne (6] are not expressed in cultu red 
hu man ski n fibrob lasts. 
The newly isolated cD N As were sequenced after subclonin g into 
the phage vector M 13. T he 3' untranslated reg ion was - 1 kb and 
revea led a high degree of homo logy w ith previously published se-
quences in the correspo nding region [1 8]. Six of th e clones extended 
3' beyond the fi rst of the two polyade nylation signals recognized in 
the human elastin gene (1 8]. T he composite cDN A, encompass ing 
the entire translated segment of tb e elastin mRNA, consisted of 
2190 nucleotides encod ing 730 am ino acids, and included a hydro-
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phobic, 26 amino acid, signal sequence (Fig 5) (6]. In the coding 
segment, hydrophoblc domallls usually alternated wah putative 
cross-link regions. Each . domain was represe ntative of a distinc t 
exon in the elas tin gene [6,20 -22J. An exception to this repeating 
pattern was a segment covering amino acid res idues 206 - 244 
which was relatively rich in tyrosine. ' 
An interesting, previously unpu blished observation was the pres-
ence of an 18 bp 5' extension of exo n 12, designated here as exon 
12A, in two clones (cHDE 1 and cHDE2) (Fig 5) . As discussed 
below, this additional sequence is incorporated into the mRNA by 
uti! izatio l1 of a differe nt splice junction at the end of exon 12. In 
a~dition, two of th e clones (cHDEl and cHDE2) contained a 49 bp 
5 untranslated sequence, not preVIOusly noted 111 human aortic or 
placental cD NAs (Fig 5). 
DISC USSION 
In th e present study, we have constructed a human skin fibroblas t 
cDNA library and success full y scree ned it for human elas tin 
cON As. The two largest clones (cHDE l and cHDE2), - 3.2 kb in 
size, contained - 1 kb of 3' untranslated sequences. These two 
cD NAs appa rentl y utilized th e most 5' of th e two polyadenylation 
signals no ted in th e elas tin ge ne [1 8J. T he composite dermal fibro-
blast cON A accounted for the entire translated portion of the elastin 
mRNA, encodin g 730 amino acids. Because of th e re lative abun-
dance of glycine, th e calcul ated molecular weight for the encoded 
tropoclas tin is onl y 63,326 daltons. The encoded amino acid se-
quence co ntained several previously well-charac terized domains 
[6,7J: a) H ydrophobic domains rich in proline, glycine, and valine, 
w hi ch are respons ible for the elastic properties of elas ti n; b) cross-
link domains r ich in Iysyl residues, which undergo oxidative deami-
nation to fo rm desmosine and isodesmosine, covalent cross-link 
compounds characteristic of elas tin [20J ; c) a hi ghly basic carboxy-
terminus containing two cysteinyl res idues th at may playa role in 
the assembl y of tropoeb stin into the elastic fiber network; d) a 
characteri stica ll y hydrophobic sigilal sequence consisting of 26 
amino acids; and e) a tyrosine-rich domain (amino acid residues 
206 - 244). In addition, a previously unidentified sequence, encod-
ing 6 amino acids 5' of exon 12 (exon 12A) , was delineated (Figs 2 
and 5). It is noteworth y th at the latter sequence contained an aspara-
agine residue, not no ted elsewhere along th e translated sequence. 
Although aspa ragine (N) can be an acceptor for N -glycosy lation, 
th e resid ue encoded by exon 12A is no t a ca ndidate for g lycosy lation 
because the required motif, N-X-SjT (X = any amino acid , S = 
serine, T = threonine), was absent [23J. Finall y, a 49 bp 5' untrans-
bted nucleotide sequence was identified and was fo und to be differ-
ent from a comparable region of human aortic elas tin cDNAs [6J. 
Variability in this region may be due to alternative spli cing of un-
translated sequ ences of th e elas tin mRNA. Correl ati on of cDNA 
with ge nomic sequences and primer extension seq uencing of el as tin 
mRNA are currentl y being studied to clari fy th e significance of this 
fin ding. 
C haracteriza ti on of th e dermal elas tin cDNAs revea led consider-
able variability in the primary nucl eotide sequence, w hich, as dis-
cussed below, may result fro m alternative splicing of the primary 
elas tin tra nscripts [6,7,22]. Compari son of th e alternative splicing 
pattern w ith similar information avail able on human aortic and 
place ntal elastin cDNAs showed that th e sa me exons were fre-
quently subj ect to alternative splicing (Tabl e I) [6,7]. H owever, a 
cl ea r di ffe rence in th e splicing pattern was noted when compared to 
bov ine li ga mentum nuchae el as tin mRNAs (Table I) [22]. Al-
though th e splicing pattern appears to demonstrate minimal tissue 
spec ific differences and more significant species specific differences, 
defi ni tive conclusions based on the limited number of cDNAs stud-
ied here woul d be inappropriate. Preliminary data utilizing S-1 
nucl ease analysis on bovine li ga mentum nuchae elastin mRNAs 
suggest th at alte rnative splicing patterns may be developmentally 
regulated [24J . 
Alternati ve splicing is a phenomenon th at is known to occur in 
th e processing of a large number of diverse genes, including other 
extracellular matr ix genes [26,27]' bes ides elas tin . Severa l lines of 
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eDNA 
eHDE1, 2 
cHDE3 
cHDE4 
cHDES 
eHDE6 
cHDE7 
o O.S 1.0 1.S 2.0 2.S 3.0 3.S kb 
Figure 2. Res triction endonuclease map of the co mposite dermal fibroblast cDNA. Schematic prcsentation of the seven clones, cHDE1 through 7, is 
depicted below the composite eDNA. Opell boxes represent exons that are differentially spliced from the respective clones. T he bot/ollllille represents a 3.5-kb 
scale correspondin g to the full- length human elastin I11RNA. The composite cD NA encompasses a) - 1 kb 3' untranslated (3'-UT) sequence (thick lilies) 
w ith two pol yadcnylation signa ls (!); b) - 2.2-kb translated sequcnce which includcs two cys tcinyl rcsidues in cxon 1, hydrophobic eXOIlS (t/.ill lilies) , 
putative cross- link exons (so lid), and the 78-bp signal sequence (SS); and c) at 49-bp 5' untranslated (5'-UT) sequence (hatched). Restriction endol1ucleases 
used: BamHI (B), HindIll (H), Kpnl (K) , Pst! (P) , Sad (S) , and Sma! (SI11) . 
A B 
A B C 0 E F kb A B C 0 E F kb 
.......: 0.603 
.......: 1.35 
~1.08 .......:0.310 
--0.234 
--0.87 
--0.194 
Figure 3. Agarose ge l electrophoresis of the dermal elastin cDNAs after restriction endonuclease digestions with Palle! A (BamHI and HindIII), or Pa •• el B 
(Pstl) . Lalle A: cHDE 1; LII.es B-F: cHDE3 through 7, respectively. Mi gration positions of standard DNA markers are indica ted on the right side of each ge l. 
Pallel A, lalle A contains two separate restriction fragments; the lower balld is the BamHI-HindlIl fragment, while the IIpper balld corresponds to the 5' 
BamHI-EeoR! fragme nt of the eD NA. T he size of the BamHI-HindIlI fra gment, which encompasses exollS 1-18 (Fig 2), is variabl e in the different cDNAs; 
PaI.el B: Pst) digest of the same eDNAs as in Palle! A. The bracketed reg ioll and arrowhead (Im.e B) illustrate restriction fragment polymorphism of these eDNAs. 
Note that Lalle B of palle! B has a frag ment of - 600 bp (arrowhead) due to absence of exon 13 in clone cHDE3. 
462 FAZIO ET AL 
2 3 2 3 
• e • • e • 4 
5 6 4 5 6 
e e • I e • 7 7 
e 
+ 
e 
+ 
• • EXON-1 EXON-4A 
2 3 2 3 
• e ~ 
6 4 4 5 
5 6 
e e e 
7 
7 
-
+ 
+ 
e 
EXON-13 EXON-14 
Figure 4. Dot-blot hybridizations of dermal fibroblast cD~As with exon-
specific oligonucleotides. Insert DNA, 100 ng, correspondmg to cHDEl 
through 7, indicated by the number above each d~t,. was ~cnatured and 
applied to nitrocellulose filters. The filters were hybndlzed With - 10 ng of 
radiolabeled synthetic oligonucleotides specific for exo~s 1, 4A, 13, or 14. 
The autoradiogram indicates that cxon 1 was present III all seven human 
dermal elastin cDNAs; exon 4A was absent from cHDE 4 (arrow); exon 13 
was absent from cHDE3 (arrow); exon 14 was not found in any ofthedermal 
fibroblast clones. Positive (+) and negative (- ) controls were provIded by 
previously sequenced genomic or cDNA clones [6,7] . 
evidence suggest th at differences in the primary sequence no~ed 
among the human elastin cDNAs indeed r.esult fr~m alternatl,:,e 
splicing. First, the copy number of the elastlll gene III the haplOId 
human genome is 1 [28 ,29], and, therefore, all mR:NAs reflect t~e 
expression of th e same gene. Secondly, the nucleotIde sequences In 
all clones studied here were identical, with the exception of the 
variably omitted regions. Also, a complete homology among 
human elastin cDNAs isolated from skin fibroblast, placental [7J, 
and fetal aortic [6] cDNA libraries has been noted. 
The consequences of alternative splicing of elastin mRNAs are 
not apparent at this point. However, in fibronectin, the alternative 
spl icin g has been shown to lead to synthesis of isoforms of the 
protein, with different physical, chemi~al , and functional properties 
l26J. Thus, it is likely that different Isoforms of elastlll could be 
synthesized on th e basis of differences in the coding regions of 
th e mRNAs. Because some of the regions affected by alternative 
splicing contain lysyl residues (exon 13), potentially involved in 
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Table I. Pattern of Alternative Splicing of Human and Bovine 
Elastin mRNAs 
Variability of Alternative Splicing' 
Dovine fetal 
Human skinb Humanb Human fetal" ligamentumC 
Exon no. fibroblast placental aortic nuchae 
1 100(7) 100(8) 100(11) 100 
4A 86(7) 86(7) 100(11) 30 - 50 
4 29(7) 33(6) 45(11) 100 
6 100(7) 100(5) 100(11) 98 
9 100(7) 100(5) 100(4) 50 -95 
lOA 0(7) 0(5) 9(1 1) 0 
13 86(7) 75(4) 55(9) 94 
14 0(7) 0(4) 0(9) 100 
Tyr-rich 100(4) 100(1) 100(4) 93 -97 
'Seven independent elastin cDNAs were iso lated from human skin fibroblast library 
in rhis study and tesred for the presence or absence of exon sequences by hybridization 
with exon-specific oligonucleotide probes. as shown in Fig 4. The alternative splicing 
patte rn was compared with information 0 11 human placental [7] and. human fetal aortic 
16] elastin eDNAs. as wel l a,< bovine ligamentum nuchae [24] elasttn mRNAs. 
bValues arc expressed as percent of cDNAs tested that contain the ex on sequences. 
Parentheses indicate the number of eDNAs studied . 
'Values are based on S-l nuclease mapping of mRNA isolated from ligamentum 
nuchae. Because the alternative splicing may be developmentally regulated [24]. certain 
exons show a range of val lies depending on the age of rhe ani mals used for isolation of 
mRNA. 
cross-linking, the covalent intermolecular crosslinks between tro-
poelastin polypeptides may be affected. Thus, it is conceivable that 
different isoforms of elastin would ·confer altered biologic proper-
ties to the elastic fiber network. In support of the latter possibility is 
the observation that different isoforms of elastin have been shown 
to be synthesized by various cell types [30 -33], although it is not 
definitely proven that these isoforms are incorporated into func-
tional elastic fiber network in vivo. 
Another implication of differential splicin g concerns the poten-
tial for elastin to be altered in diseases [1 - 5J. Specifically, some of 
the exons, such as exon 1, have been found to be invariably present 
in the human elastin cDNAs examined thus far, suggesting that the 
corresponding sequences of the protein may playa critical role in 
elastin fibriJlogenesis. Furthermore, a deletion or insertion in the 
elastin gene, to be able to result in a disease, apparently must be 
relatively large or affect critical sequences or domains. This conclu-
sion is based on the observation that normal variability, resulting 
from alternative splicing, within the elastin polypeptides can be 
calcul ated to be as large as 30 amino acids . In addition to potential 
structural mutations in the elastin gene, many of the elastin diseases 
may involve regulatory alterations. For example, regulatory aberra-
tions could lead to excessive accumulation of elastic fibers, as in 
pseudoxanthoma elasticllm [34] and Buschke-Ollendorff syndrome 
l5], or to deficient elastic fiber formation, as in some forms of cutis 
laxa [10] . These conditions are currently being studied by using the 
n ewly developed cDNAs for hybridizations on the mRNA level. 
In summary, we have been successful in isolating full-length 
elastin cDNAs which correspond to sequences in human skin fi-
broblast elastin. These cDNAs provide a useful tool to study elastin 
gene expression in human skin fibroblast cultures and to elucidate 
its alterations in diseases. 
The authors thallk Gabriela Paretlte atld Joal! D,mstolle for assistallce ill screellillg 
the cDNA libraries, Gail Ullger alld Darlid SallbomJor expert tec/Illical help, Vicky 
Lelltz for sYllth esis of the oligo'lIIcleotide, alld Eileel! O'Shaughllessy alld Diall f 
Waite Jar skil!ftll secretarial help. 
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~'-C CGG GAT AAA ACt? AGG TGC GGA GAG CGG GCT GGG GCA TTT CTC CCC GAG ATG GCG GGT CTG ACG GCG GCG GCC CCG CGG CCC GGA GTC CTC 
Met Ala Gly Leu Thr Ala Ala Ala Pro Arg Pro Gly Vol Leu 1" 
It 3 CTG CTC CTG CTG TCC ATC CTC CAC CCC TCT CGG CCT GGA GGG GTC CCT GGG GCC ATT CCT GGT GGA GTT CCT GGA GGA GTC TTT TAT CCA 
Lau Lau Leu Leu Ser Ile Lou 8i. Pro Ser Are Pro Gly Gly Val Pro Gly Ala Ile Pro Gly Gly Val Pro Gly Gly Va l Pho Tyr Pro .... 
1 3 3 GGG GCT GGT CTC GGA GCC CTT GGA GGA GGA GCG CTG GGG CCT GGA GGC AAA CCT CTT AAG CCA GTT CCC GGA GGG CTT GeG GGT GeT GGC 
Gly Ala Gly Lau Gly Ala Lou Gly Gly Gly Ala Leu Gly Pro Gly Gly Lys Pro Leu Lys Pro Val Pro Gly Gly Leu Ala Gly Ala Gly 7 .. 
2 2 3 cn GGG GCA GGG CTC GGC GCC TTC CCC GCA GTT ACC TTT CCG GGG GCT CTG GTG CCT GGT GGA GTG GCT GAC GCT GCT GeA GCC TAT AAA 
Lau Gly Ala Gly Lou Gly Ala Pho Pro Ala Val Thr Pho Pro Gly Ala Lou Val Pro Gly Gly Val Ala Asp Ala Ala Ala Ala Tyr Lys 1 0 .. 
3 1 3 GeT GCT AAG GCT GGC GeT GGG CTT GGT GGT GTC CCA GGA GTT GGT GGC TTA GGA GTG TCT GeA GGT GeG GTG GTT CCT CAG CCT GGA GCC 
Ala Ala Lyo Ala Gly Ala Gly Leu Gly Gly Val Pro Gly Val Gly Gly Lau Gly Val Sar Ala Gly Ala Val Val Pro Gin Pro Gly Ala 1 3 .. 
It 0 3 GGA GTG AAG CCT GGG AAA GTG CCG GGT GTG GGG CTG CCA GGT GTA TAC CCA GGT GGC GTG CTC CCA GGA GCT CGG TTC CCC GGT GTG GGG 
Gly Val Ly. Pro Gly Lys Val Pro Gly Val Gly Leu Pro Gly Val Tyr Pro Gly Gly Val Lou Pro Gly Ala Arg Pho Pro Gly Val Gly 1 6 '+ 
It 9 3 GTG CTC CCT GGA GTT CCC ACT GGA GCA GGA GTT AAG CCC AAG GCT CCA GGT GTA GGT GGA GCT TTT GCT GGA ATC CCA GGA GTT GGA CCC 
Val Leu Pro Gly Val Pro Thr Gly Ala Gly Val Lys Pro Lys Ala Pro Gly Val Gly Gly Ala Pho Ala Gly 110 Pro Gly Val Gly Pro 1 9 It 
5 8 3 TTT GGG GGA CCG eM CCT GGA GTC CCA CTG GGG TAT CCC ATC AAG GeC CCC AAG CTG CCT GGT GGC TAT GGA CTG CCC TAC ACC ACA GGG 
Phe Gly Gly Pro Gin Pro Gly Val Pro Leu Gly Tyr Pro 110 Lys Ala Pro Lys Lau Pro Gly Gly Tyr Gly Lou Pro Tyr !hr Thr Gly 2 2 It 
6 7 3 AAA CTG CCC TAT GGC TAT GGG CCC GGA GGA GTG GCT GGT GeA GCG GGC AAG GCT GGT TAC CCA ACA GGG ACA GGG GTT GGC ' CCC CAG GCA 
Lys Lau Pro Tyr Gly Tyr Gly Pro Gly Gly Val Ala Gly Ala Ala Gly Lys Ala Gly Tyr Pro !hr Gly !hr Gly Val Gly Pro Gin Ala 2 5 It 
7 6 3 GCA GCA GCA .GCG GCA GCT AAA GCA GCA GCA AAG TTC GGT GCT GGA GCA GCC GGA GTC CTC CCT GGT GTT GGA GGG GCT GGT GTT CCT GGC 
Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Lye Phe Gly Ala Gly Ala Ala Gly Val Lau Pro Gly Val Gly Gly Ala Gly Val Pro Gly 2 8 .. 
8 5 3 GTG CCT GGG GCA ATT CCT GGA ATT GGA GGC ATC GCA GGC GTT GGG ACT CCA GCT GCA GCT GeA GCT GCA GCA GCA GCC GCT AAG GeA GCC 
Val Pro Gly Ala Ile Pro Gly 110 Gly Gly 110 Ala Gly Val Gly Thr Pro Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Lys Ala Ala 3 1 .. 
r I I I I '18 
9 .. 3 AAG TAT GGA GCT GCT GCA GGC TTA GTG CCT GGT GGG CCA GGC TTT GGC CCG GGA GTA GTT ,GGT GTC CCA GGA GeT GGC GTT CCA GGT GTT 
Lys Tyr Gly Ala Ala Ala Gly Lou Val Pro Gly Gly Pro Gly Pha Gly Pro Gly Val Val Gly Val Pro Gly Ala Gly Val Pro Gly Va l 3 .... 
18' , ~' '17 
1 a 3 3 GGT GTC CCA GGA GCT GGG ATT CCA GTT GTC CCA GGT GCT GGG ATC CCA GGT GeT GeG GTT CCA rfGG GTT GTG TCA CCA GAA GCA GeT GCT 
Gly Val Pro Gly Ala Gly Ila Pro Val Val Pro Gly Ala Gly Ile Pro Gly Ala Ala Val Pro Gly Val Val Sar Pro Glu Ala Ala Ala 3 7 .. 
17' , 'r' , '16 
1 1 2 3 AAG GCA GCT GCA AAG GCA GeC AAA TAC GGG GCC AGG CCC GGA GTC GGA GTT GGA GGC ATT CCT ACT TAC GGG GTT GGA GeT GGG GGC TTT 
Lys Ala Ala Ala Lys Ala Ala Lys Tyr Gly Ala Arg Pro Gly Va l Gly Val Gly Gly Ile Pro !hr Tyr Gly Val Gly Ala Gly Gly Ph ... 0 .. 
1 2 1 3 CCC GGC TTT GGT GTC GGA GTC GGA GGT ATC CCT GGA GTC GCA GGT GTC CCT AGT GTC GGA GGT GTT CCC GGA GTC GGA GGT GTC CCG GGA 
Pro Gly Phe Gly Val Gly Val Gly Gly Ila Pro Gly Val Ala Gly Val Pro Ser Val Gly Gly Val Pro Gly Val Gly Gly Val Pro Gly .. 3 .. 
16' , 'I ' 15 15' I' , '13 
1 3 0 3 GTT GGC ATT TCC CCC GAA GCT CAG GeA GCA GCT GCC GCC AAG GCT GeC AAG TAC GGA GTG GGG ACC CCA GCA GeT GCA GCT GCT AAA GCA 
Val Gly Ila Ser Pro Glu Ala Gin Ala Ala Ala Ala Ala Lys Ala Ala Ly. Tyr Gly Val Gly Thr Pro Ala Ala Ala Ala Ala Lys Ala .. 6 .. 
13' , 'I ' , , 12A 12A .......,-12 
1 3 9 3 GCC GCC AAA GCC GCC CAG TTT GCT CrT CTC AAT CTT GCA GGG TTA GTT CCT GGT GTC GGC GTG GCT CCT C-GA GTT GGC GTG GCT CCT GGT 
Ala Ala Lys Ala Ala Gln Pha Ala Leu Lou Asn Lou Al. Gly Lau Val Pro Gly Val Gly Val Ala Pro Gly Val Gly Val Ala Pro Gly'+ 9 It 
1 .. 8 3 GTC GGT GTG GCT CCT GGA GTT GGC TTG GCT CCT GGA GTT GGC GTG GCT CCT GGA GTT GGT GTG GCT CCT GGC GTT GGC GTG GCT CCC GGC 
1 5 7 3 
1 6 6 3 
1 7 5 3 
1 8 .. 3 
1 9 3 3 
2 0 2 3 
2 1 1 3 
Val Gly Val Ala Pro Gly Val Gly Leu Ala Pro Gly Val Gly Val Al. Pro Gly Val Gly Val Ala Pro Gly Val Gly Val Ala Pro Gly 5 2 It 
12' I I I I III 11' I I )' I '10 
~GGCCCT~~GTTGCAGCTGCAGCAAAA~GCT~AAG~GCT~AAA~~~~GCTGCAGCTGGG~~GCT 
Ile Gly Pro Gly Gly Val Ala Ala Ala Ala Ly. Ser Ala Ala LYJ Val Ala Ala Lye Ala Gln Leu Are Ala Ala Ala Gly Lau Gly Ala 5 5 It 
GGC~CCT~~~GTT~~GGC~CCT~~~GTT~GCT~GTTCCT~~~GTT~=~ GTTCCT 
Gly Ile Pro Gly Leu Gly Val Gly Val Gly Val Pro Gly Lau Gly Val Gly Ala Gly Val Pro Gly Leu Gly Val Gly Ala Gly Val Pro 5 8 It 
GGC TTC GGG 1~ ~~~' ~~T GGA GCC CTG GCT GCC GCT AAA GCA GeC AAA :~T c1~ '~ GCA GTG CCT GGG GTC CTT GGA GGG CTC GGG GCT 
Gly Ph. Gly Ala Val Pro Gly Ala Lau Ala Ala Ala Ly. Ala Ala Lys Tyr Gly Ala Ala Val Pro Gly Val Leu Gly Gly Lau Gly Ala G 1 '+ 
8 4 I 'I ~ I 17 
=~~~GGC~~GGC~~~~~~~~~~GCT~GCA~AAAGCTGCT~AAA~~~ 
Lau Gly Gly Val Gly Ile Pro Gly Gly Val Val Gly Ala Gly Pro Ala Ala Ala Ala Ala Ala Ala Lya Ala Ala Ala Ly. Ala Ala GlnG It It 
7' • II' I 16 6' I II I I 15 
~GGC~~~~GCTGGG=~~=~~~GGG~~~~~~~GGC~~~~CCT~ 
Phe Gly Leu Val Gly Ala Ala Gly Leu Gly Gly Leu Gly Val Gly Gly Leu Gly Vel Pro Gly Val Gly Gly Leu Gly Gly Ile Pro Pro G 7 4 
S' I 'I' I 14 Itl I I I 'itA 
GCTGCA~GCT~GCA~AAA~~GCTGCTGGC~~~~~GGG~~GGG~~~~~~~GCA 
Ala Ala Ala Ala Lya Ala Ala Lys Tyr Gly Ala AlA Gly Leu Gly Gly Val Leu Gly Gly Ala Gly Gln Ph. Pro Leu Gly Gly Va l Ala 7 0 It 
4A' I I, I I '1 
GCA AGA CCT GGC TTC GGA TTG TCT CCC ATT TTC CCA GGT GGG Gee TGC CTG GGG AAA GCT TGT GGC CGG AAG AGA AAA TGA-3' 
Ala Are Pro Gly Phe Gly Leu Ser Pro Ile Phe Pro Gly Gly Ala Cys Leu Gly Lya Ala Cy. Gly Are Lye Are Lya TRM 7 3 0 
* 
Figure 5. Nucleotide scquence of the composite human dermal fibroblast elastin cDNA. A: The translated r egion (base p~irs ~ throug~ 2190) encodes 730 
amino acids (shown on th e rig/It side of the fi gure). Exon 12A, a previously undetected 18-bp sequence. cncodlllg 6 ammo aC.lds. IS underlmed. Arrow mdlcates 
the site of cleavage by signal peptidase. T he exon boundaries. as deduced from known genomic sequences [6] . are II1dlcated . N ote the presence of two 
cys teinyl res idues (asterisk) in exon 1 and a previously unpublished 49-bp 5' un translated sequence. In add ition to sequences shown. - 1 kb of3' untranslatcd 
region was prescnt and fou nd to be identical to previously published sequences [! 8] T RM . termination codon. 
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